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(54) MANUFACTURE OF FIELD EFFECT TRANSISTOR 

(57)Abstract: 

PURPOSE: To obtain a method of manufacturing a field effect 
transistor, where an organic semiconductor thin film which is able 
to protect an electrode against deterioration, excellent in 
productivity, lightweight, and excellent in flexibility can be used as 
an active layer. 

CONSTITUTION: An organic thin film 1 1 is subjected to an 
activation treatment to turn into an organic semiconductor thin 
film 1, a source electrode 2 and a drain electrode 3 are formed on 
the organic semiconductor thin film 1, and a gate electrode 7 is 
formed so as to control conductivity between the source 
electrode 2 and the drain electrode 3. 
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«M1 I=V-XM2 i: Kl/-f ^1S3 i»*L, V— 
X8«2i KU-f >«a3Mfl!>»«**1M»**J:ai= 
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(2) 



8i¥5- 110 0 6 9 



518, atOf|=±EV—xMt KU-f 

5 i=y- h«a*»j*-*-*xa**r« 

JMJ*l>5>5?X*©a*3&tt. 

*»ja-r*xe*jfi-r*#*a* h'?>s>**©aa* 

[aBOffa&Kn] 
[o o o i ] 

*£m*fc*iM»*i^:/s?x*«>aift*ai=H-*-** 

[O O O 2] 

#*4«ra i: -5 fc * *<a y a l #taa«>'J* 

* s ¥»#WttR£ift-*-*flDa«*<»&*i.T^*. Cti 

afc*u*a«*aai=*yaa : FWA*&a : f-*5isfs 
ofcy (ttfb) , *fciifi»*i:t?*aALfcy <a 

tc) (SIT. K— tf>ytt»5) l:J:ottf 

3fc¥«M*W1tlt*&. c*i 6 *a*fc£* 

[0 0 0 3] ^frWIcli, -tf iJ7-tr^U>£m*fc:>3 
•v {fUfrlto (J. Appl. Phys. 

5 2i, 8 6 91, 1 9 8 1 fc J: tfif^Bg 5 6-1 

4 7 48 6§«|9) , ifi'j tfb— yu^iS^T-^fflL^fc 
-> a •> h^-S^m^ {TUfrHl ( J . Appl. P h y 
s. 5 4*, 2 5 1 1 1, 1 983%) £.*:tfttMHB5 
9-63 76 0§fiS§] 4«tt6*trt»*. *t« 
¥ifttfc5n-iCdStp-I?KU7tfl/>i:? 

(J. Appl. Phys. 5 1§, 42 5 21, 1 9 

8 0%) } . «¥i1*^± ^ $1^^ Wfc^f ? t 

lti*, p-m&&tfn-mtf<jT-t>Tis>$mi*tzp 

n*^»^*^4«»6+irt^* IflJfTUB (App I. P 



hys. Lett. 33 1 81, 1 9 7 8 %) } „ 
Ml-, tK'J tf p— ;ui*l«'J^7i>^&<i:*^-rn« 

{TUfT* (Jpn. J. Appl. Phys. 2 
4#, L 5 5 31, 1 9 8 5%)}, tK • J 7" "tr ^ U > <b 

#1 (J. Appl. Phys. 58 a. 1 2 7 91, 1 
9 8 5%) } =tfllf>*lTl^-5. 

[ooo4] *fc. asrcafta^aftsajMftjiih? 

Ul'Srffll^fct*© {ftJft^l (J. App I. Phys. 
5 4t, 3 2 551. 1983%)}, tK 'J (N->^ 
;i,tfn-AO Zmi^t-^O) {VmWa (C h em. Let 
t. 8 6 31. 1 9 8 6%} , 7$'Jtt7x>&m^t=. 
tCD [WftWi (Appl. Phys. Lett. 49 
#, 1 2 1 01. 1 9 8 6%)}, &mZ7$ P->7-> 
SSfflL^fct© {fllff* (Ch em. Phys. Let 
t . 14 5§. 3 4 31, 1 9 8 8%} . f-fy x.^-t 
'Jzf-7— ^fflLNfc^cD (fUfrfe (Solid Stat 
e Comm. 7 2*. 3 8 1 1. 1 9 8 9%) } 

[0005] B^Sdm f-^^^x-Stlc-DtNT. 

*r#yy*7xi'SffliW5:*a>sai=Kar*. 0i 

2IC7Ky^^7x^^S14Jllcffl^fcfi£3|E<D h7>yx 

a t «t * *n. 4 h aaa t%5->'j^ >a<b 

B, 5l4y-h«a*»tt-Cfc'5n»>>'Ja>'>x/\, 

•>x/\5<oaaii=»M'(b«*fci*saaft«4Sffi*o 
a. xv^->^ati=«fc yv-xti2fcj:yh-w>i 

a3 4ft«*«©/<*->*»jSL, f<0ii±2. 3 

te^ofaaMi^sitatftiJK'j^^x^ai 

fi^ai=«ky»filLr^*. >>'j3^7i/\t*- 5 -y 
?&££S&6fc<tf>a>ma6(;}:, V-^1I. KL/-f>l 

aaofstsfea*»fitLfc5/'j3>a*ffi<Ds»«a>a<b 

RSWaU Ga-I n*£**flrr*^fcl=J:yfTO 

■ct**. «*©wa^>s?A*"<&aita«>»j**ai: 

LT. -tE©aJW*a©«H=, 

7X5-t-Aa ( i cbs) , i-a. 5 > 

y=a.T • ^Pvx-y (LBS) <fif4«aft**l-C 

[0006] aiM»»h^>5?X5»l=Ol,vc, * 

TfJ^ttv x>*Jtteai=aofc h5^5x*©lfB 

IS, 2i*v-^«at<i:*ftM. 3l*KU-f >«at« 
£&B, 4liy- h««|j:««!/U3 5(4 



(3) 
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iB(=»ii{bii*fci4s«»<bia4 *tt*©*ai= j: y» 
it y vy 5 7 * x -v ^ >yai=«k y v-xii 2 

J3*tfKl^>*B3 >**J«LT 

S6I*. V-xm KU'fVtUtfSttlfSAL 
*=•> 'J 3 >*«n<85»fll<Z>ifttt;K£*lJffll U G a - I 

7>i?X9H:fNi*. ±E2r3C5%fl)i:%6M»a 

[000 7] 7t«UT*7i>*ai4lil=fflL*fch 

7x>I1 ULtV- XM2 t Klz-OlMSCfl 
IdjffitfzfiftSo CC0B#, «W4l=*y#'Jf*7i 

>m@2. 3 * = ztutm 

««4i=>fi«r*#y*Ji-7x:/i«i no)c«jia>««< 
v y a >* 5 icenip-r **ff(= * o r *<b u 

& -5 tlTO-So 
[0 0 0 8] 

[f|B^A<<SaL<i:5<!:-r§gia] ±E%SaSJM&S h 
7>vx^cd-5*)> #'J (N->^;ut°p— ;u) JsJ:tf 

ai=*yft«s*i£*tti=*(t*. $fc, 4i7$p-> 
t <f y *r«*mi4is 1 ^ if *<»*ii=^»-c fc 

fbtiSilttl^ttfliLt, 0>J*.l4tf'J (2, 5 
-^X- L>> t*-U>) {TUfT* (Po I ym. Com 
mun. 2 8^ 2 2 91, 1 987^ ) I > 
(p-7i-U>e-U» IfUfT* (Po I ym. C 
o mm un. 2 5i, 3271. 1 9 8 4 , ?K 'J 7 
-tr^UV {fflfT® (Synth. Met. 1 4g, 2 4 
51, 1 98 6^] tl-Ct^*. CJfc&*«l= 



«qs (Sttftiaa) i4. -«tt(=iiirB*jS«'£fti«M-* 
z tic* y 'frt>ti*>tf. mmtwc'itmm&vim*. < it 

*>ici4^b^Miiaa, «t y«#»i=i4««ka*ff 5 -<t*< 

fl3ar*$>So L*Ltt*<€>. <b^6MB«£fTofcii$, 
V-Xil, KU-T^««*fc(4y— t-««36<»*L< 
ftLMb¥*<b*fiC-rt^3KBA«a&ofc. *fc. C<7) 

■r«fcA(=fflL»6*i4<b*tt K— tf>y*31*ff 5»* 

k— e>y«isi=«t:y v— k 
u-r >«a*j«fet;y- h l < 4 

LMb^«ft*fiC-T^i4<ftofc. 
[0 0 0 9] fr*4M«*at*fc«i:* 
**ifc4,a>T?. «i£<Z> 3£ St £ Ifi Jt-f 3 £ ,1:4,1c, 

[0 0 1 o] 

5? X * <D»a*g|f4, 31* -fb*!*= 4 l J *3I<* fc <C * * 
JBfiE-TSXS. Jtl«=.tEv— KU-fviMI 

5 1=, y-na*»«t*ia 

[0 0 1 1] *«ma>KJa>ftB;G>VjMHij|| K5>i?X^ 
S8(t«l8, ±IBV- htKttRl=3H±4b«L3(= J: y* 

a uft*< t, -tEWttnuss jstt^bflia 

t LfciftjiiE-y— K««o!>«it**Bta*-H:«xa. atrjt 

* »/«-*- s ig t fifi-r * <n v fo s . 

[0 0 1 2] 
[O O 1 3] 

immmi m i ii*»w«>-*i6«i=j:««#»iii 

>S?X*<0BrffiHT?*y» ---e, 1 14314^^:4^)* 
«#S«:3IJS. 2 14V— x*«; 3l4KU-f>«*. 4 
(4y-h$g«m. 7li-W-h«a. 8l4SSET-fcSc B 

2 (a) ~ ( e ) 14, *&wo>-mmmo>m&%}3k 

>2?x*0)Mi6*3*«>xaHt?*y, 1 1 I43tt<b*a3 

tiiii i jml {S2 (a) } . zaummmi 
i i=Brfflo>stt<b«k3i ut*£mmti£xfit¥M h*-e> 

y«31) Sffi L, Sttli LTfl!i<*«l-!t i »«:»ISl lc 
Kft-T* (i2 (b) } . *cd&, t«*ii*SH± 



(4) 
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l:V-xfflfiJ:tfh , ly^>Ba2 ) 3£fl2/&L (1112 

(c) } . m^*©±(=y-hieiiH4*»*L in 
2 (d) } , Hi=y— K««7*»rt-r* (@2 

(e) } o CWMHz^U. *«jSM1 1 l=*tLTfrfc 
tt^bfflaicj:*. Kl/«f>M3 6*tf 

y- hWB7(=»*-*«»!&<jH«*&:h.4. 

[OOl 4] ■ 3f»jBH0Bd«>*B«>-Jfe]MllrJ:« 

2i*v-x«a. 3i±ku 
-oia. 4i*y-ne«« s 7i*a*^s«*fcy-h 
ma, s lists. 1 1 itmmtj&miz±i}mm*mi*t 

tt«*«*fl|-eft*. i4 (a) ~ (d) I*. *SS0J1<D 
»IM. 0 5 (e) ~ (f) I*. **910>»j0>*B)a 

fey. 14 (d) (oicigsiL. 9i*£HfHT-fe 
s 0 *r*«8±i=tt^*flis.fcy-h«a7*»*L 

{04 (a) } . t«)±tV-HMM4*»)St« 
{04 (b) } . ±E^-Hft««4±J=JStt 
Jf£LT<8i<W8ljit(Sl 1 $fi2f$. L {04 (c) } . y 
- Hfi«K4t?ffit>*iXl»«:t^- h£aofgttS|l£ft 

■n? (Ei4 (d) } . *«3uii 

1 (=» LBra«Mb¥*l«iSJ:tf<b*W K— tfr/STfta* 
lSL*tt¥*(*»BM tLf: {0 5 (a) } «Sn 
9«l»*LT«B ; f-*IIUS-&, -LG*«¥*f*BHl ± 
tV-XM2 *S*tf Klz-f >WS 3 £f&j£if-£>o c<D 
*«l=*y, *«BBl 1 l=»LTff*>*i*fl:^*iS*} 

mm 3 £ * a y- nt7 ic*t-r aK§A<»iT & 

[001 5] 06 (a) ~ (d) I*, *%W<»%)<D%W 

<Dteo)mMm<Dn&®i% k 5 > vx * oss^oxs 

a 17 (e) ~ (f) li, *ftHG>8JO%iPJaM6a>S 

y, 06 (d) <oa«)iis*t. *r«*8±i=y- 

hll7^fiEL {0 6 (a) } . *<0±(=V-Hft« 

i4?Mt5 {06. (b) ) o ±iay— h*& 

«n4±(=««iviNi 1 ^fl$js-r* {06 ( c ) } . * 
ftttiVJKi i(=**L3fa««b*«i«*i*V'fb*» 
K-b?>$r*JS*i6U 1 tLfc {06 

(d) } . ±tB$&g$S7SL y— naimoy- 
Hft«M***u 1 ±i=v-x«a*j 

htS2. 3. 7iztt-r&&mm\te>*iZo 

[00 1 6] K«at Lri±. *. 

-7PA S T;U5--7A. O? 1 ) 

A. ^ y:^>. «»*a>Ky:>ya>, tt*ttT^U7 



tf-f i/S?«iA ■fiSBMb* (l TO) »*m**(Dj&<-« 
fc<, ^*i6ffl*f»* 2«B±«ffl LTtSL* 

/<*v*y>y, *«cvDrit*<D*St*«**. 

x; ffifflawicjifitr. f-na7iiS8?tfe. 

[0 0 17] **WI=«t>*|ft«B4iLT(*, iBtttt 

fey, -«tti=i*»bs^ya>, lft->uax ifiibr 

;u= -OA. Ht7^5-9A. Klb^SO. /K'JX^ 

Bl±«*-Cffll»r*J:t». -tlS*Jgejla>53iJ<Z)#tBJl 
±E*«lM:**JJ:tfSfb*;&«»*LlV, C 

*.&a>lBltlta>m(&£: Lri*l*i=«iBttft<. fidAtf 

CVDS, ^XTCVDl ^XTI^S, ^* 

lf-A3S*ajS«J:tfL Bj£fcifA<3*lf c,^s firn 

«7fcS«8S3IEtorffl^*«$l=l*. «H4tLT 
ii-> y 3 >©»«Hba3Si= «k -?xmh>*iz>mb~> "J a > 
M*<>fjs-efes. 

[OOl 8] *3BWI=«fc*«*l*fb¥M*l«*5J:t;fl: 
h*-tf>-7-«lS^roStt^b«lSlcJ: y 

^fcl=J:y***WttJ(**LJSttilt L"C*r»ft(=«< 

l\, WB»riE«(=<b^W«i3StfT5ci:l=J:ySttJii 
Lr*^lc@i< trot LT. «ij7Lli7K'JT-fe^U>. iK 

y (2. 5-^x-u>t*-u» . 7f?y (2. 5— 
x-uvt*_u» mmte. tK'j (2. 5-7'ju>t* 

-U» . #<) (2. 5-7'J L^>tf-U» g5«<*. 
#'J (2. 5-7i-U>t'-l/V) . tK'J (2. 5- 

K^&<b*w(=**-r*cii=«ty»6*L*w-*s* 

» . #U (2, 3--ta^T-U» *<0ft^Wlcft 
= 'J>H*. E*i62WiSl±©*It#6J:tf**l6 

<. ayiiL*ttft4Jsi_h©*y=r-7— 4ffiffl-c**. 
±e»jHi=w»ttiweft*M*&ib^Mi=*«-r 



(5) 



ftmW- 5-1 1 0 0 6 9 



oT**«**i.*a*j&«fc*A^ it¥mmm-£tzitit¥ (2, s-z>>) u>t*-u» ohm*. *y (2, 5- 

fll-C**. ±Ew-*«*K» : f h5>vX U» LIV, fc^a (1 ) l=7K'J7U U 

*t*tt3SJ:tf*«>S£teJ&*&. 1#l=7Ky (2, 5-^x >f-U>CD 

-l>>t*-U>) , tK'J (2, 5 -^X- U> t*^ L/ [0 0 1 9] 

*'J (2, tf'J tit 1 1 



R R 




[0020] it^m&ttTP-to ^MK-t^^i 

f h7f77^/\'U> (TTF) , ■Tb = ?'>TS* 
S*>**y (TCNQ) , fc<fctf*<Dig{fc (TTF-T 

cnq) ■cftas*i**««# ; F^ ft#?<*>ttffi&n 

fi»^tTll»ttJ:l*. SIC Wjtl<!H'J7tf 1/ 
>, tK'J fc°p— ;u, tK'J (N-wea-A) , '*K'J 

(3-«»eP-^) , tK'J (3, 4--t»fP- 
;U) , tK'J^^7i>, tK'J (3-I«ft7i» , 

#U (3, 4--iIf^7i» . ^u^>yft7 
x>, i|t«M Vf7t7fX tK'J (p-7i-l/>f 
-U» . tK'J (p-7i = l/>f-l/» R33(*, tf 
'J (2, U>t*-U» , tK'J (2, 5-^ 

X^U>tf-U» tK'J (2, 5-7Ul,>f 

-U» , # l J (2, 5-7'Jl/>f-l/» R^tt, 
#UT='J>, #»J (N-B»T-'J» . *'J (2- 
«»7-'J» , #'J (3-««7=-'J» , #'J 
(2, 3--««7-'J» , v7-t*^L>g, # 
7pJtfU>, /K'jajU/W— JU. tK'J (n 

-ssi*^/^/— no , ^'J-truy tfy?^ 

>, iKU'O'/^^^, ^'J/«77i-l/>, iK'J/t? 
7i-u>t-ux #y-f>K— ;u, TKuey^s? 
>, 7K'J7-b>a3«fcUf^577"f Mtfl= 

mft^om y s Lmte&iciiftipitfft < , it y s its 
[0021] ^tiz>mmmm<DftMmt ltb. kshs 



T-ovm* cvds. */<7*u:/?tt. ^x^i 

*. fc/fL, ^© + T?**tt«Dja-T?. fSi&lCsSSIitf©^ 

p-;u=i-h;£, /<-□- haHA<»*tt*o 
«¥3*<*fre> ft 4 W&<r>EM£ LTI*. WKMHIiftl* 
*<, W&tifch^^^X^Ottttli. 6 ft 

Jli*, y*ft**«, -8IC3 0 0 0*> 

SfT5Ctl=J:ya&tt*4: UT*»KH<«jMlt, 
LIS LIS K— If >f«D3H=J: l J f(DiIR6*f*»* *u 
3*<, ffe©*^«J*«*fl:5*tt(=M*-&ftl.*»y. 
(l)JW4»60K-e>y, (2) ««A»6»K— e 
>-7\ (3) ««Lfc*ttK— ( 4 ) h*- 

k— if >yjs*0E«sitffiifT» tx**t 

*k 3 4§, «4#, 5 51, 1 986#) Iz^^^xfc 

[0 0 2 2] *«^<D»j<D#eHf::ft:bS«tt»H£;£t£ 
H6«B*»lt*l»l=iaiftl=y- h8fc&lMT*& 

■**i"ci**a» (06, BB7)-'i*^*fti^ y-H 
*s*iwb*» K-e>y*»=»LMtt*«a5y» miss- 

Tl*, «*.-«»«©./ #5***. ^P^MbTK'JX^U 

[00 2 3] 4:«eni=ff^«*«icM:ie«ttfl!>tm-cft 



(6) 
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;hmvr*it.tefflRMii-efcy, jn*ttizi4. #^x. t 

KM. 'J / <5 * •> U > «<c i: <&=&««gtt Z?3*T > 

[002 4] «lfefll. lfiT!fc5I§2^>f, J?* 
0. 7mm©t7J^ 'J tf^X^X/N— xlc. ■ft^iC 
(2) <75Htj£3£T*3g£;h,£> 
[0 0 2 5] 
Kb 2] 

OCHJ 

(n St ooo.) 

[0026] tf'J (2, 5-^X-U>t*-U» (DM 
ig«:7K l JT-<0 2 w t%v>f^l/A7S K»5SE*± 

3 — H4, @3£& : 4 O O O r pm. mSftRa : 6 O 
fi\ HfflSSg : 6 O^Clcr^m*-trftofc 0 C<D£? 
lzL•C^J^IcLfcf^|g^*^ l J^-A^f,n^*jSHIc^^L, + 

*xt^ca*»aETT?2 o o^cicre o#wl mm? 

S Z t lz J: y <b¥«ia * JS L £ fc 5 ««^»f*i» 

§i£*#fc. *ft***^«ie(*, 

«Cfcl=J:ytTofc. ±IBft)lft«l9«. #K'J (2, 5- 

fi-u>t'-i/» ©flrBt*#'j-*-i*, -fb^ 

[0 0 2 7] 
[ft 3] 

(7? = 1000 ) 
[0 028] tK'J (2, 5-fI-UVt'-L/^) (-^ 
-<DBtTiB{*7pjV-frt>7K'J (2, uvtf- 

JlXX^ h;W=*6#t*. HP*.. ItNBtttf'J 

X— r-;U|Sdl=Sr5 < 1 10 0cm-l©C-O-C#ffi 

SHirottJftj&tjHifeU #'J (2, 5-^x-u>t*-u 

>) (Of^U^I:S^< 1 596cm-'©h7>X 



EIMfl»l«U 'J (2, 5-fi-U>f-U 

» commit. k;w=ji&*i. ±Ejp»«i' 

m-,tf5 3 O nml=a*£J*-3 7r-7r*C:*-3<ft 
"C, C©*«i|MJM*B©/|«y (2, 5-^X-U>t*_ 

u» m±iz % mno>mm&~ *'jvy57^-ae* 

i;i«;fi'ya$ffli»tIJi ooot^xhP-A 
<D-r vvOA ■ MUfttt ( i t o) 

1*500 O^V^X bU— A<7>S i Oxiil^ii 
Lfc. *a>Jilr. attOStt&ft.fctfjfc'J V7 

77-r-atJ«fei;x.y^>^$fflt%rJl$ i ooo* 

^X hP-A©^DA»tt/<*-V*»iaL*«BB«> 

yX^tlS^k H 1 IcSJitiSSrlfefS. 

1 \£f£0£Mtt£& P T VK, 2ttV-X«atft* 
l TOK, 314 KU-f >««t>5t« l TOl, 4l*y— 

5pai. 8i4**^xox,x^^stsr'fc4„ ;ct-. 
tK'j (2, 5-fi-i/>t-i/» li^t, K-tf >y 

(W) » ^-V^U* (L) I4^tt-en2mm. 2 . 5 
m-efo4„ Hi Oli**W©— h9>5>X. 

«Mttl*h7>S?x*©y- h«EE (Vq) > DtWtf-^ 

*-j\snza ( i d) "^^ v— x ■ Ku-f >«i±vds=-2 

Ovfro^ttt^LTl^. Hf. AI4*SSSH«>-|I 

[0029] luttii. hjewi 1=331^ x\ mmmmiz 

<t¥«*i«*16*fclMl!ir*Slifi«l fclBl»l=L-C h7> 
5?x**#» HffiWl tH«l:Lttfl>«ltttt*aS 
Lfco HI 0«»>C(=-tfl!>Wft4#ttSjST. 

[oo3oi noicty, ■««*a«c5^i<f<ft* 

I4ft3fc J: y £ .kf-firO N-«S(E*Jtln-C # 4 C <t A<f 0 
4o 'J 7»»flEI*»J:* 1 x 1 0-1 c mV V ■ s 

[003 1 ] HffiW2. Ififife4ES2/^f, ®$ 
O. 7 mm©»7;^ 'J A^X'Ji/x-ll:, ISffll 

*sl *y v'7*73'-f-, ^ ^^£^,t;lcx■>^>ya^fflL^ 

5 O O Ot>yx h-P— A<7)S i OxffiSSK*J»fiE 



1 1 O O 6 £ 



(2, 5-^i-u>tf-u» <Diiiri&i*?tf 'J"?— CD 2 
w t %vJ>^;U7h;UAT5 Kj§jS^±15m^Sffi±lc^ 
f>a-hLf:, Xfc°>3— M** [S4Eflk = 4O0 0 r 
pm, [H$eB#Fb1 : 6 Ofi>. fflfiaS : 6 0°CClT£§i 

LTlS(n>tt7-^^vII/vX hffc^AZ 1 3 
5 OS. 1. 5 jUm<DJ?£T*««Lfc„ 
[0 0 3 2] C<D<fc-5lcLT^figLfcmrlg<*7K'J^-A^ 

oTctteom infers = &i=j:tHb*aa*itL 

JS4><0«ttKXJiJS±(=a*^xS9tL^, ccotfx 

ftlHMkafft. #'J (2, 5-fi-U>f-U» (Dftf 
■fciKyv-li, te^st (2) -eS£*i5#'J (2, 5 

<Da»TJSJia:Blt«:ofc. 

[0 0 3 3] C<Dflfrigt*>K'j7-frS>7K'J (2, 5-7* 

^;u$g^|-S-^< 1 100cm-1(DC-0-C#iM 
OKJRjWH&U tK'J (2, 5-^X-U>t*-U» 
©exL/>|SdJ=*-J< 1 5 9 O cm-1<75 ho>Xt?> 

u>c - H9irt*ftMkeiftjfe*<a*i.« c t iz«fc y as 
$fc, ±snnwM«y U (2, 5- 

^x-u>f^u» 'ncd^&i*. hvu=*5 

t*T. ±Ett»*H«a3J:-l-5 3 0 nml=«***-3rc 
-7r*l=aV3<«iR*«aiiiU ^m$£^<D« 

[0034] *ivc, ±iB««BiytiiL«ii«<o«*n(c 
(2, 5-^x-u>t*-u» «±i=, afltoxvft 

J*U 5I*«#-*©±C:»*7 OOt>^ hP- A<D 
&mm&Mf$.Ltzo CCt> Tif!><D$'PAI4&^a<t/-K 
■J (2, 5-^x-u>t*-U» M<tcDffi«14£|n]-t 

1ttSSttii:4*PTVE 2l*V-^«at<E*« 



4SSi0 2 IfE 7liy-H*Tf***PAI, 

Bli^x^i/^SfitfeS. c-t?, iK'J (2, 

5-7^x- Lx>t*-U» Mb K— tf> ^«HJ JS£ 
4<Tt**ft«tt«5U (-^>i?X$CD;SteJf £L 

ti<. ±ffs h7>vx$rof^^g (w) . 

JV-B: (L) Iifitlftl2mm, 2. 5//mffe^ 01 
HiaitfcJ:^ 1 x 1 0-1 c m2/V -sec t*46&*l 

t-o 

[0035] mmm3. **-c*4B:«2-f v^, js* 

0. 7mmff)t7Jl<* U # ^X^XM-xIC tK'J (3 

-^s^i^jf^xi/) cos w t p D*;uAjg;$£ 
xlE*^Sffi-hlzxt°>zi-hL*tS^KS#fco Xtf 
>a— Mi, [34Ett : 4 0 O 0 r p m. EUEftM = 6 O 
B>. 3SHSUgJ£: 2 0U IiSlg*fPcfc. C<D 

*<b**#Xttfcl** 

«3^&3lEHJ-r*ffiib**^x*$t;S3!t*-xSjSfiiSiftft 
5>i/(=ffi<b*;u->'i;AS£«eTfK«*-Br. yp-*''^ 
XWlcSSA-r* Cilery fro*:. ca>K-e>y«131 
ymmeSJSAM 0-8S/cmA^b1 0"6s/cm. 

i=JMnLfc, 

[oo3 6] m^, ccd K-e>y«aa*ifi**ifc7i« 
y (3-^->ji.f*7iv) ±i=. atta>3K3t%Sffi 

1. *TJ¥£ 3 O 0^">yx hP— l*<D J ?UJ>MWk : £MtfL 
U 5l#Si#-?-roJi(cJ5^7 0 0^>yx ha— A<7)^ 
3lllg£ff£j£Lfc. ::t% TifecD^nAii&mattfy 

(3-^->w*7i» B£a>*f*te«iP]-t*i** 

IW^fflLfc, &l=. ZCO^PA^TJftttMti 

a>«M*lz/<*--i/?L.fc. *©±(=a*©SR*a<c& 
tfic^-x-S'jiSffli^T©* 5 o o ott-><7*x hP- Aco 

s i o x f&mm&i&f3.Ltz 0 *&i=, *ro±iz. jm^co 

ffll^TJ*£l O O O t>7"^ f-P-ACO^ RASI/^ 
[0 0 3 7] C©«(=LT»&*ifch7>5?X*liie«k 

y-hm^sam ho>i?x$-t?tftj££*u Hii=«-*-w 

ffi-C&S, z<Dii#. il4SttBt«:S*'J (3-^* 
•>Ht7i» I, 2liV-Xtft<t54K. 3 1* 

KL"f:sM£&«ftM. 414-t*— Hft«Mfc«c*s i 

o 2 ai»n. 7i*y-t>*«-cft4^PAK» si*^ 



(8) 



ftffiW- 5-1 1 O 0 6 9 



m (W) , T-V*./U* (L) Iif*lf*l2mm, 2. 5 
jumT-fc-So Bl 1 l**#gl?HcDtea>IIS£0>JI=<fc£ h^ls 

y, mtps Ditmw.m3X'm^titc h7>vx9«)ig 

aaiih^V^XSO^-hWEE 
(V G ) . **(*^**;U«SIE ( I d) "CV-X ■ KU-f 
>*ffiVDs=-2 o ve©HM*tt*»L-ci^*. 
[0 0 3 8] U:ttM2. *16«3f=*iivc\ 

fftt£;!'JSLfc„ Ell 1 *E|::-*©WH*te*jM-. 

[0039] hi n=*y, *a*a<cac:fc<E<ftit 
m k— e >y«ia*fT<c a c t (= * y * &*ifc*«¥» 

{UUReSttJIfc-rS. HJS^J3-e#c,tLfcmi^3aiS h 

C&tfJpJ*. t*';7*M86J:*1 xi 0-3 C m2 
/V ■ s e c £#toe>;h./=o 
[0 0 4 0] IgJEtfiJ. 4SffiEr-$.^itg2f 15$ 
O. 7mm©*S7Vl>ay:tf^X'i>X/\— Jil=, il^ttsl 

000Affl5OA/^->S»)iELfc. -t(D± 
(zJl®<D^*a^e.t;i=vx^afe*ffl^r®$ 5000 
AfflSi 0 X ffiSiM£S8i£®l=ff2j£Lfc. SIttMl t 

ft«2t*4!h,*J|«'J (2. 5-^X"U> 

7S K»«*±ES»M±l=xe>a - h Lfc. Xbf 
hi*, Hfc® : 4 O O O r p m, [U^IH : 6 O 

coflMBtttfy-*-*, a«©'JV*?7 4—SME&tf 

[0041] c<o«fc3r=Lr»riiLfc«rei** | j^— 

L, **MU-iUK-f J*-5HF 

SffllV Sfc**#X**t?S*ft3lET"C2 O OXICT 
6 0#|UL ^t(= J: y<b*»a*16Lfc. ttlb 

**#xtti&i*. nxm&M'p<Di&wimm®%L±tzmm 

■afc. HM1 <h^*i, J:IBttl%ffi9tt. *K'J (2. 5 
-^X- U>t*-U» OTsUSKtttf M V-l*, <t¥*3 
T-mZtlZX') (2, 5-^X" L>>e_U» J=fc» 

[0042] z.a>mmwj v— a»6jku (2, 5-^ 
x=u>t*_u» ^<ai£&i*, -(b^sasmroMo^^ 

;H6£i=»-3< 1 1 o o cm-i©c-o-c#ttSMa> 

«lR36<JHffeL» #'J (2, 5-^X-U>t*-U» <D 
t*-U>$g#|cg-3< 1 5 9 0 cm-lffl h7>Xf>l/ 
>C-HSrt*fcSift©«J|Rtfibx«Cfcl=J:yfcB* 
£fc, ±GflNE{t# l J V— ;fr&Jl«y (2, 5-^ 



X UCfc 6 7T -#«|6$!&<»JS Lt C £ * b $m 

[0 0 4 3] JKl^T*, UvXKW^ffll^'JV^^ 
7-f-^lcJ:oT, Stttf&Stt-teaSBiytiiLffi* 

OA;ljSr-x-v^>^Lfco t-OfeK'J (2, 5-^x 
-U>t*-U» K±IC, jl?S<7>^#;S£ffll<*TJ?£3 
OOA())7PASg^iSL, 3l*«*-t©±l::»*7 
O O Aa>&SJg£fl2JjSLfco ddT?, TlfeCD^ DAIi^ 

tat*y (2, 5-^x^u>t*-u» mto&m 

14^|6]-h$-t±-SBWr*^fflLfc„ Jfclz, CCD^PA^T 

*ftt y yy77^-sfij!tfi9 

f § Mfl)Mi:/^ Lfc. 

[0 0 4 4] ^mitltibW: h7>vX^Wi 

y-hisiasi-7>vx$f«ijtis. U3izh7 

TVS. 2l±V-X««ift**flL 3l*KU"f>«« 
£fc4£K, 4l*^-httliRfc<E*S i o x 3S3&ie, 
7l*y-h««-C**^BA«» Slitf^X^x/Nfft^ 
S«-efe-5 0 CCT?, (2, 5-fl-L/>f-U 

SU h^^XSOTJSttJii: Lti<. ±IBhv>i? 
X*fl>***;uM (W) , 7* V (D li**L*3h. 

2 mm, 2. S/zmffeS. Ell 1 lC^-f 3 T?^ 

ms^j3 tH»(=, s«s«iji fcmw«cW£*t*&*u * 
*stt«t-r* = fci=j:y, my^f-ffioNt 

3!E*ltJin-C**^tA<!pJ6. ^V'J7'^lilSI*fc<i: ; E-1 
x 1 0-1 c m2/V -sec fc*ft&4lfc. 
[0 O 4 5] 

|=J:yi|£»«j:&«««»ni=Stt1b«a9«ftL««¥ 
»*»IIi:-*-*xa, ±!2ti¥iftiH:V-XiS 
fiitf Ku-f >M*»*f *xi, ttifl=±Ev— x 
ISt KU-f >«aiB«)»«**1M»-r*J:5l=y— h 

»it*is, icy- hifeiSiRicsts^bffiaic * y ^« 

#ift*«»it»i+4z8, ±IEy-htB«*«« 

±B*«*»(*awii=v-x«aisj:tf ku-t >ma£ 



(9) 



ftm¥ 5-110069 



[HS0>ffi#&8B9U 

[Bl] **B©-*1S«I=J:*«JM»* h7>vX$ 
(D»rffi0-e £>•£>„ 
[02] **W©-*lt«a)«»*ft*h7i/S?X*<D« 

[14] *ftm<Dmojt9ia-ni&Wio>K»%mh3^ 

S?X*©«jft©HIB|-<?fc*. 

[16] zttgHajHafeBattaSffiflarattXh? 
[0 8] *»W<D-itlfi«l=«*3*<b^«l«|=J:y»& 



[Hi] [02] 




^ h;u0-rr$>-5 o 

[01 o] **wi=j:* h^>s?x*i«£**it«-r* 

[01 1] **WI=J:* h^>S?X*£tt**ifc«-r* 

[01 2] t-^>5?*$a>BTflBHT?fc*. 
[01 3] t£3fc(D h^>S?X$©»fl5B|-C**. 
[ff#«>Ka] 

2 v-xts 

3 Ki/-f>ia 

7 h«s 
1 1 *«3SEi 



[03] 




[06] [07] 

(a) (c) 




CO 
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[012] 



[01 3] 
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-5 -io ~/S 



[StfcH] ¥fi£4$2£4B 
[¥««jE 1 ] 

[MjE***£g«] 0 003 
[ffijEW^] 

[0003] **W(=tt. *U7-lrfi/>*«i»fc , y3 
•y {flfHfcl (J. A p p I . Phys. 

5 86 91, 1 98 1 « fc* tfftMBB 5 6 - 1 

4 7 486§MS) , *'JlfP-;U*K#**ffll*fc 
v 3 -y ht-g^IT IfUfT* ( J . A p p I . Phy 
s. 5 4#, 2 5 1 II, 1 983$) fc<£ iPg^pg 5 
9-6 3 7 60ffiS5) A<*fle>;h.Tl^.5, 
^WiTCfc* n -SiC d S £ p -M*'J 7*? U> t £ 

(J. A p p I . Phys. 5 1i|, 42 521, 19 

so$) } o Gm*mwm±*M?i--£t>-&tzm-£m*£ 

LTI*. p-SiSJ:tf n-ffi/|*'J7-fe^L*:>*ffll*fcp 

n*=E«£*^j&«jai&;h.Ti** ituit* (a pp i. p 

hys. Lett. 3 3i, 1 81, 1 97 8$) 1 . 
El=, tK'J fcfo- JUtTpJ^^xZ^t.fcS^nft 



^SiT- {TW^ (Jpn. J. App I. Phys. 2 
4 L553I. 1 9 8 5$)}. /K'J U><t 

!fej(J. App I. Phys. 5 8#, 1 2 7 91, 1 

9 8 5$) ) tsaibtitw, 

[**«jE 2 ] 

imjE^mmE^i 0006 

[0006] s^xsm t-^vvx^f (coi^t, yr 

IS, 2l*v— x*S4:<e$*K, 3(iKl^-f >«Si<t 
y- UlllSt-fe^niv'J^VJl/V 6l*v'J 
c ro* U =T 7 x > *St*B l=ffl h 5 > $ (0 
iBI=»mklB*fcl*e*^bBl4*«E*©*atl=J:y» 



ftfflW- 5-1 1 0 0 6 £ 



— >S»J3EL"Cl*-5. ->'J=i>^x/Ni^- 
— 5 y?&££S&&fc#>CDWI6l*. v— Xia, KU 
•f SttJRSSJiK Lfc -> 'J n :/S4Eff <D£*HN 

alMbHSBtiftU G a — I n****flrr* = tI=J: 

[¥«MJE3] 
- [«jEM*ai«] 0 0 19 

[0 0 19] 

[4b i] 

XII - S- Se . O.N-R \ 

[tsiEMmss«] hub* 

[ffljE»ft£S«] 002 3 
[M]E#&] £M 
[MEM*] 

[0 0 2 3] *S^I-^:b3g«ia*^14<Dtt*4T-fc 

[ffiiE*tfcS®«] bj$h§ 

[MjE#*3S«] 002 8 
[«iE*a] £M 

[002 8] tK'J (2, 5-^X^L^>t*-U» (-^ 



^©tfrtttttf'J^— *&#'J (2, 5-^x-u>t*- 

x— =r ;u^-&(cS-3< 110 0 cm-1(DC-0-C#IS 
Stt0*4l*<JII& U #'J (2, 5-TX^U>t*-lx 
» a>t*-U>^-&l-S^< 1 5 9Ocm-l0)h7^ 

e>u>c-HiB*i>*ftaMa)«j|ji3WH*t*^ii=«ty 

mmtSthtzo H9(=» »ffi90!>*ffiLf=-t1B*ttaMJta> 
!BtMH**K'JT— *&#'J (2, 5-Tx-U>t*-U 

» ^(D3Esn*» m^x^ h;n=a&tt, -tiajmisaffli 

mikt$£*S 3 0 nml=«**i#0 7r-7r*(::tt-3<« 
T% = «>ft*¥*{*IR0>l< l J (2, 5-^x-U^t'- 

-AtD-OS^A ■ tsiMbft ( i to) 

l^TJ¥£ 5 O O O^^X h P — -U<T> S i Ox$&if!M£ 

v^^-f— ajs«ktfX'»9 i > i y3**fflL»r»*i oo 

0?J->7X hP-A0^ PAii/^->JML*« 

7>$?X*"C*J*3*U Hi l=***i*Bfili:«:*. Z 
iiiSfttStftiPTvl, 2i£y-xim<b 
<CS I TOl, 3l*KU-f I TO§> 41* 

y-ne««t«E*s i ■o 2 3R»m. 7i*^*-hB«ir* 

T*. *K'J (2, 5-^x- U>t*-U>) fcf 

*©Stt»4:L-C»<. ±Eh5V';x>«)f + *;HI 
(W) . (L) l*^-tL-ftL2mm. 2. 5// 

mt-feS, El 1 Oli^fgB^W-SJgeiJircfeS h7>vX 

««l*h5>5?X*©y— h«ff (Vg) . «Hftl*^V 
( i d) t-, v— x • Ku-f >«hvds=- 2 
OvT?fl)#ftttSSLtl^. H + , AI4**BB<D-S 

[3MSfilE6] 
[ffiiE*t^SS«] BJijSfflg 
[ffljE*t*aS«] 00 3 1 

HUE**] 

[0 0 3 1 ] HSS01J2. »«T!fcSB:S2-f J*S 
O. 7mmO«l7 , ;U* "J ±l=, fl^(0«l 



(13) 



5-1 1 00 6 9 



m$ 5 o oo*>w hP-A©s i o x $6Slig£l$fiJ<; 
Lfc„ %%0M fc^SC.O ) ^S^tiS^'J 

(2, U>t*-U» (DfitrSEi*^ 'J ^— 0> 2 

w t %v*^U*;UA7S KSSJSS-tEiimESLtfc*. 
t°>3-hLfc 0 *t?>3-hf4, HHEtt: 4 00 0 r 
prru [eIIE&M :6 08, HfflmjSJS : 6 0"CI=Tffift 

LTlg©^#7'^MvSUvX h^fcSAZl 3 
5 0 5. 1. 5^m©ISf«lLfc„ 
[¥fMt iE 7 ] 

00 3 4 

[«IE7J£] £JE 

[oo3 4] *u\-c, ±G*WR<jttLtt«a>«ta(= 

ffe^AZ1 350mh>t-|iLt:. *«>1fe>K'J 
(2, 5-^x- u>t'-u>) K±l=, ilffiroiS*^ 
*m*TJ»* 3 o o^v^x Ho— 1*0)5 aJxmm&m 

f£U ?l?l?^0)±l:S^ 7 o >yx h P-iffl 
'J (2, 5-^X^U>t*-U» K£<Dft*tt$fflJ: 

h 7 >S?X**#fc. CW^ICL 

H3l=S*#t*«fiBt<i:*. :cf, 
ittSSttJiifcfcPTVHl, 2l*V-*«tti«:** 
BL 31* KU-f 4(*y-H6««fc 



8ii*7X«>x/\j|5^*«-cA4 0 tK'J (2, 

xm<o ±uh3>vx$ i-)^ (w) . 

)\>& (L) Iifftftl2mm, 2. 5 u mT?3a-So Ell 

«fc ? Ctfc < fb^MfflaSfrfc a ^ 1 1= * y »&*tf= 
*«j|i»#»DlSSttJii-r*ci:i=j:y, &m*y>ts 

m%.ltt$&1r1 x 1 O-'cmW -sec fc3jl«>&#t 
IE 8] 

[MjE»*«ei«] Ha* 

[«jE»*«S«] 003 7 

[0 0 3 7] =©«|:Lt1l5*lfc h7>e5X*li«* 

Sf&5„ 1 f*SttSi«:*5Ky (3-^* 

*yW*7i» US- 2ttV-Xllfcft**B, 314 
Kl/-f>lfifc«E5ftl. 4l*y-Hft»Blt<C*S i 
Ox**K. 7 8I4#7 
X^x/\*^-S«-efc*„ ±ah7>5x*»fv^ 
4® (W) . ^**;Uft (L) Bt*lfh2mm, 2. 5 
/im-ffcS. Hi 1 l***H©«l©*»«f::J:« h5> 

(v B ) . *w*TY*;u«aft ( i d) -ev-x • ku-t 



